Spermatogenic cells of Drosophila vlrilis were studied by light and electron microscopy. The persistence of a "nuclear wall" during the meiotic divisions has been reported by a number of early cytologists, but this interpretation has been a subject of debate. Electron micrographs of dividing spermatocytes reveal the presence of multiple layers of paired membranes surrounding the nuclear region. These lamellar membrane systems are not typical of the nuclear envelope, but were interpreted as such by light microscopists. The membranes constituting a pair are separated by an interspace of ~-~ 100 A and successive pairs are 200 to 400 A apart. These spacings are similar but not identical to those found in the lamellar systems of the Golgi complex. The cisternae of the endoplasmic reticulum in this material are devoid of attached ribonucleoprotein particles, are more precisely ordered than in vertebrate cells, and show a uniform, narrow intracisternai space of .~ 100 A. The conspicuous asters appear to be made up of similar paired membranes radiating from the centriolar region.
INTRODUCTION
Despite the widespread use of Drosophila for genetic studies, the behavior of the cytoplasmic organelles in the spermatogenic divisions of this species remain poorly understood. This is attributable, in part, to the preoccupation of the majority of investigators with the chromosomes which often led them to use methods notoriously poor for the preservation of cytoplasmic components. Added to this is the fact that it is particularly difficult to apply successfully to Drosophila tissues the best of * Supported in part by a research grant RG-6729 from the United States Public Health Service to Dr. Don W. Fawcett.
:~ Present address: Department of Anatomy, Harvard Medical School, Boston. the classical cytological techniques (28, 10) . Nonetheless, it has long been recognized that certain aspects of spermatogenesis in this species are exceptional. Among other unusual features, it was reported by Metz (24) that the nuclear membrane remains intact during prophase and metaphase of the meiotic divisions. Zuitin (35) concluded that a "nuclear wall" persists around the spindle area throughout the division process. Other investigators, however, were of the opinion that the nuclear membrane disappears sometime before metaphase as it normally does in other species (see, Cooper (10) ). Kaufmann and coworkers (20) have recently described a multilayered system of cytoplasmic membranes oriented parallel to the spindle region in electron micrographs of the testis of Drosophila melanogaster. It 433 J. DiOPHYS1¢. AND BIOCI~EM. CYTOL., 1960, Vol. 7, No. 3 now seems likely that it was this lamellar system of membranes that was identified by light microscopists as a persisting "nuclear wall."
The present electron microscopic investigation of meiosis in Drosophila virilis extends the observations of Kaufmann et al. on the cytoplasmic membranes associated with the division figure; establishes the cytochemical reactions of these membranes; and attempts to trace their origin to preexisting membranous organelles in the spermatogonia and early spermatocytes. The results of the study help to resolve the old question of persistence of the nuclear membrane during division and, at the same time, have an important bearing upon the interrelation between nuclear membrane, endoplasmic reticulum, and Golgi complex. Correlated observations on the fine structure and staining reactions of these membranous components raise new questions concerning the specificity of certain classical methods for Golgi impregnation.
Materials and Methods
An inbred strain of Drosophila virilis cultured on standard yeast medium was the source of the material used. In this species spermatogenesis continues after hatching. Therefore, to facilitate the handling of the organs, the larger mature testes were used. Usually no more than one group of 8 to 16 cells could be found in any one testis, in an appropriate stage of division (metaphase through telophase). In addition to the tedious sampling problem, the material was found to be exceedingly difficult to preserve. Some elghty-five different attempts with numerous variations were made in the course of this study to obtain satisfactory fixation and freedom from polymerization artifact. In the procedure most commonly used in the early part of the study, the testes were dissected from lightly anesthetized files directly into a drop of fixative which consisted of 1 per cent osmium tetroxide containing sucrose at a concentration of 0.08 gm./ml. (6) , and adjusted to pH 7.2 with veronal acetate buffer. The isolated testes were then transferred to a larger volume of fixative for 15 minutes to 1 hour and, without washing in water or saline (33), they were rapidly dehydrated in a graded series of alcohols cooled to about 4°C. Rinsing or prolonged exposure to the lower alcohols invariably resulted in disruption of the testicular sheath and loss of the germinal epithelium. The dehydrated tissues were embedded in butyl methacrylate containing 20 per cent methyl methacrylate and 0,05 to 0.2 per cent uranyl nitrate as recommendecl by Ward (30) . The addition of uranyl nitrate appeared to be beneficial in reducing polymerization damage to these unusually delicate tissues but even with this precaution the results were by no means uniformly good.
In the latter part of the study, more consistent preservation of the testicular cells was obtained by fixing in acrolein followed by osmium tetroxide as recommended by Luft (23) . Whole flies were immersed in 10 per cent acrolein in phosphate buffer at pH 7.2 for 30 to 60 minutes. After rinsing in several changes of Drosophila-Ringer solution, the testes were dissected out in the usual buffered osmium-tetroxide fixative. Fixation was continued for an additional 30 to 60 minutes and the tissue was then dehydrated and embedded as described above. Sections with yellow interference colors were cut with a Porter-Blum microtome (26) , picked up on carbon-celloidin coated grids, and examined with an RCA EMU-3B electron microscope. Thicker sections of the same blocks were examined by phase contrast microscopy and photographed on 35 mm. film as described in a previous paper (15) .
For cytological studies with the light microscope similar material was preserved in the appropriate fixatives and stained for the Golgi apparatus by the Da Fano technique (11) , or the direct silver method of Elftman (13) as modified by Chu and Swigart (7). Cells were stained for phospholipid by Baker's acid hematein test (2) and by Elftman's method employing. Sudan black B (14) . The periodic acid-Schiff reaction for 1-2 glycol linkages was applied to material fixed in Orth's or Rossman's fluid. Tissues prepared by freezesubstitution (17) were stained with pyronin and other basic dyes with and without previous digestion by ribonuclease.
OBSERVATIONS
Phase contrast examination of methacrylate sections of primary spermatocytes in late anaphase ( Fig. 1 ) reveals an image which closely corresponds to the early drawings of Metz (24) . The asters are unusually prominent and have a relatively clear central zone where the centriole (Ce) is located. This is surrounded by a radiating pattern of ill defined linear densities with numerous interspersed dark granules. The elongated spindle region is darker than the surrounding cytoplasm and sharply demarcated by a light halo. In the anaphase division figure in the center of Fig. 1, a group of chromosomes (Ch) is seen near each pole.
On either side of the spindle region is an area marked by alternating light and dark curving lines that extend from aster to aster. This striated appearance in the phase image is due to the presence of numerous long mitochondria (M) oriented more or less parallel to each other and forming a mantlelike sheath around the spindle. The peripheral cytoplasm in this image is homogeneous and devoid of organelles and inclusions. All of the cells in a group are in the same stage of division and are connected by intercellular bridges, only one of The origin and significance of these protoplasmic connections between spermatocytes and between spermatids has been discussed in a previous paper 06).
In a low power electron micrograph of one of the asters and the adjacent portion of the spindle region (Fig. 2) , the central zone of the aster is found to be made up of slender tubular or canalicular elements, while the outer zone is composed of radiating membranous lamellae, and not the fibers that might have been expected from classical descriptions of astral rays. Each of these lamellae consists of a pair of parallel membranes enclosing a narrow space. The conspicuous dense granules seen in this region by phase contrast, and called chromatold bodies by earlier workers, are often represented in electron micrographs by irregularly shaped holes in the section (C.B.) where the substance of the granules has been dissolved or disrupted in the course of specimen preparation (Fig. 2) . In specimens in which they are preserved (Figs. 8, 9, and 11), they appear as first described by Yasuzumi (34) as dense bodies of variable size and irregular shape having a concentric membranous organization that may be obscured by their great density.
No spindle fibers are found extending from the chromosomes (Ch) to the poles nor between the two groups of chromosomes, but the spindle region is set off from the surrounding cytoplasm by several layers of paired membranes which closely resemble those in the outer zone of the aster. For convenience in description the membranous structures in these two sites will be referred to as the astral (A.L.) and the parafusorial lamellae (P.L.), respectively. It is apparent that the parallel arrays of membranes surrounding the chromosomes in metaphase and anaphase are responsible for the curvilinear contours interpreted by light microscopists as a persisting nudear envelope. Where the several layers of parafusorial membranes converge at the poles of the division figure, they mingle with the astral lamellae and the two are indistinguishable in their fine structure (Figs. 8, 9 ). The cytoplasmic matrix of the cell appears to consist, in large part, of a homogeneous population of small granules uniformly distributed except in the area bounded by the parafusorial lamellae where they seem to be somewhat more closely packed than elsewhere. It is noteworthy that at this stage of meiosis no endoplasmic reticulum or Golgi complex is identifiable. Evidently, all of the membranous substance of the cell, with the exception of the plasmalemma and the mitochondrial membranes, is mobilized for the development of the remarkable lamellar systems associated with the division figure.
In an effort to determine the origin of these elaborate membrane systems and to establish, if possible, their relation to other cell organdies, earlier stages of spermatocyte development were studied. Fig. 3 is an electron micrograph of a spermatocyte at a stage before the onset of the changes associated with the first meiotic division.
In the center of the figure is the nucleus (Nc) which is irregular in outline and characterized by a karyoplasm of lower density than the surrounding cytoplasm, and an unusually large compact nucleolus. Immediately adjacent to the nuclear envelope are numerous mitochondria. A similar transient association of mitochondria with the nuclear membrane has been reported for a corresponding stage of locust spermatogenesis (4). Its significance is not known. More pertinent to the subject under consideration here is the fact that long cisternal profiles of endoplasmic reticulum (Er) and several dictyosomes (Di) are visible in the cytoplasm at this stage, whereas these organdies were not distinguishable as separate entities in the dividing spermatocytes described earlier.
The numerous discrete dictyosomes that make up the Golgi complex of the cell are each 1 to 2 microns in diameter and consist of closely spaced smooth membranes in parallel concentric arrangement with a profusion of associated minute vesicles (Figs. 3 to 5).
The endoplasmic reticulum is represented by bilaminar profiles of varying length, randomly oriented, and scattered throughout the cytoplasm (Figs. 4 and 5). The over-all thickness of these cisternae is ~200 A and the narrow space enclosed by the membranes is ~100 A across. The nuclear envelope also consists of a pair of membranes about 100 A apart, but unlike the cisternae of the reticulum it seems to be perforated by numerous nuclear pores about 400 A in diameter (Figs. 4 and 5). In oblique sections (Fig. 5 ) these appear as circular defects in the nuclear envelope each encircled by an annular zone of greater density. In Fig. 4 , where the plane of section is normal to the nuclear envelope, the latter has a beaded appearance owing to the presence of many such pores.
At a later stage of development, cisternae of the endoplasmic reticulum accumulate in the nuclear region and become oriented parallel to each other and to the nuclear envelope (Fig. 6) . The subsequent fate of the nuclear membrane is .~tifficult to ascertain from the electron micrographs because of the juxtaposition of these other membranes of similar appearance. In the early stages of the perinuclear mobilization of endoplasmic reticulum, the pores in the nuclear envelope serve to distinguish it from the other paired membranes. Later, however, when multiple layers of closely spaced cisternae have accumulated, characteristic pores have not been observed, in the innermost pair of membranes (Figs. 2, 7, 8) . It is not clear, therefore, whether the nuclear envelope has simply lost its identifying pores, thus becoming identical to the other perinuclear paired membranes, or whether it has broken down and disappeared entirely leaving behind only the multiple parallel perinuclear cisternae which form the parafusorial lamellae of the dividing cell. The question is largely academic, for in either case the chromosomal region during division is outlined by multiple membranes. At no stage in the meiotic division is the nuclear region devoid of a membranous separation from the cytoplasm. The total number of closely associated paired membranes forming the parafusorial lamellae (Figs. 2, 7 to 9) range from 4 to 8 pairs. Cross-or oblique sections through the parafusorial lamellae show a continuous circular array of parallel membranes around the central spindle region. At the end of the meiotic division when the daughter nuclei reform near the poles of the spindle the innermost pair of membranes of the parafusorial lamellae seems to give rise to the nuclear envelope. This relationship is illustrated in Fig. 9 where the innermost layer of the parafusorial membranes diverges from the others to enclose a daughter nucleus (Nc). Electron-dense material has begun to accumulate on the inner aspect of the membrane (N.E.) and certain irregularities in the spacing of the membranes suggest the reappearance of nuclear pores. The parafusorial lamellae later become constricted at the spindle equator.
In mammalian tissues the Golgi complex is readily distinguishable from elements of the endoplasmic reticulum by virtue of its small vesicular component, the smooth character of its membranes, and because its parallel arrays of membranes are generally more closely spaced than are the cisternae of the endoplasmic reticulure. This latter criterion of identification does not apply in Drosophila in which the thickness of the cisternae of the reticulum, the parallel paired membranes of the dictyosomes, and of the parafusorial and astral regions are all very nearly the same (~200 A). However, the space between unit pairs of membranes in the reticulum is always greater and usually more irregular, than in the Golgi (Figs. 3 to 5, 10 ). In addition, the extent of the arrays of endoplasmic reticulum is sufficiently different to identify positively these membranes.
The ribonucleoprotein particles in Drosophila are unusually small and are not fixed to the cisternal membranes, thus this characteristic cannot be used to distinguish the membranes of the reticulum from those of the Golgi complex. However, the dictyosomes can be identified by their typical, curved, concentric configuration and the associated numerous small vesicles (Fig. 10) .
Concomitant with the striking perinuclear accumulation of cisternae of the endoplasmic reticulum there is a gradual disappearance of the dictyosomes in spermatocytes preparing for division. It is tempting to speculate that the Golgi membranes are incorporated with those of the endoplasmic reticulum in the formation of the astral and parafusorial lamellae of the dividing spermatocyte since some intermediary stages have been observed.
Phase Contrast and Cytochemical Observations
Before the first meiotic division, the primary spermatocytes undergo approximately a 300-fold increase in volume while attaining a diameter of 35 to 45 ~. The large size of the cells makes them less suitable for study by phase contrast than smaller cell types, but, nevertheless, considerable detail can be made out. The nucleus, which was spherical in earlier stages and about 4/z in diameter, enlarges to about 20 /~ in diameter and becomes ovoid or pyramidal in shape with a large nucleolus situated at its apex (Fig. 19) . The mitochondria also enlarge and by the time of the first meiotic division they have reached a length of 15 to 20 /z and arranged in a sheath-like form around the spindle. Later in spermiogenesis when they coalesce to form the nebenkern, their concentric arrangement within this body can be seen in the living cell (Fig. 23) . In stained preparations examined with the light microscope the internal organization of the nebenkern may be obscured by its heavy staining.
In dividing cells, the lamellae associated with the spindle cannot be clearly resolved in the living cell (Fig. 21) , but it is possible to ascertain that the configuration of spindle and asters is essentially the same as it is in cells fixed and sectioned (Fig. 17) . Thus there is every reason to believe that the lamellar systems observed in electron micrographs exist in life and are not induced postmortem by the action of osmium.
Because of the extraordinary concentration of membranes revealed in electron micrographs of these cells, they seemed to us to be unusually favorable material on which to study the staining properties of cytoplasmic membranes. Resting and dividing spermatocytes were, therefore, subjected to a variety of cytological and cytochemical staining procedures.
Kaufmann el al. (20) believed that the lamellae around the spindle in Drosophila melanogaster were basophilic and, therefore, interpreted them as "ergastoplasmic lamellae." In our micrographs of Drosophila virilis ribonucleoprotein particles were extraordinarily abundant throughout the cytoplasm, but were not concentrated on the membrane surfaces or found between membranes of the astral and parafusorial lamellae. Therefore, there seemed no reason to expect the lamellar systems to be basophilic. Samples of testes prepared by the freeze-substitution method of Feder and Sidman (17) were stained with pyronin or toluidine blue at pH 4. Intense basophilia was demonstrated throughout the peripheral cytoplasm, but the region of the spindle apparatus and its associated mitochondria appeared in negative image (Fig. 15) . In no instance did the parafusorial or astral systems of membranes exhibit basophilia. Thus Kaufmann's observations were not confirmed and inasmuch as ribonucleoprotein is not associated with these membranes, the term "ergastoplasmic lamellae" seems inappropriate.
Cell membranes are generally assumed to be lipoprotein complexes with the lipid moiety largely phospholipid. A positive staining reaction would, therefore, be expected in the spindle and aster regions of dividing Drosophila spermatocytes after application of histochemical methods for phospholipids. This expectation was borne out in samples of testes stained either by Baker's acid hematin method (2) or by the controlled chromation technique devised by Elftman (14) . The acid hematin test gave strong positive staining of the astral and parafusorial lamellae, the mitochondria in dividing spermatocytes (Fig. 14) , and the Golgi complex, nucleolus, and nebenkern of spermatids (Fig. 22) . With Sudan black B after controlled chromation, the membranous lamellae stain strongly and the mitochondria weakly (Fig. 13) . Pyridine extraction after weak Bouin fixation eliminated the acid hematin reaction. The staining reactions are thus consistent with the prevailing belief that the cytoplasmic membranes are rich in phospholipid.
A positive reaction with the periodic acidSchiff stain is usually attributed to 1-2 glycol linkages and is commonly interpreted as evidence for the presence of carbohydrate. In Drosophila testis fixed in Orth's fluid, osmium tetroxide, or Bouin's, the dictyosomes of resting spermatocytes and the multilayered membrane systems associated with the spindle regularly give a strong PAS reaction (Fig. 16) . The chromidial bodies in the asters also stain intensely. These reactions are not abolished by previous digestion with saliva or malt diastase. One is forced to conclude from the fine structure of the lamellar membranes that the PAS staining resides in the lipoprotein membranes and is probably due to some group other than the 1-2 glycols of carbohydrates.
When resting spermatocytes are stained by the direct silver method of Elftman (13) for the Golgi apparatus, multiple densely impregnated bodies are revealed in the cytoplasm (Fig. 18) , corresponding to the dictyosomes seen in electron micrographs (Figs. 4, 5, 10) . In serial sections of spermatocytes as many as 20 or 30 can be found in a single cell. When dividing cells are stained in the same manner, dictyosomes are not found, but instead the parts of the spindle corresponding to the astral and parafusorial lamellae are heavily impregnated (Figs. 12 and 20) . Comparable results were obtained with the Da Fano silver method. The postosmication techniques such as the Nassanov-Kolachev, or the procedure of Dalton and Felix (12) failed to stain either the dictyosomes of the early spermatocytes, or the lamellar systems of the meiotic division figure. The unexpected silver staining of the membranes of the spindle apparatus raises interesting questions concerning the mechanism of silver staining of the Golgi apparatus, which will be discussed later.
DISCUSSION
In the usual sequence of events during animal cell division, the nuclear envelope disappears in late prophase and reappears during telophase. Its continued presence during this period is evidently not necessary for normal reconstitution of the daughter nuclei. Watson (32) has concluded that the nuclear envelope is actually a specialized portion of the membrane system of the cytoplasm rather than an essential nuclear structure. The significance of the unusual persistence of membranes bounding the nuclear region during meiosis in Drosophila is still not known. It is noteworthy, however, that in this genus crossing-over of chromosomes does not occur during spermatogenesis (25) and chiasma formation which is regarded by many cytologists as evidence of crossing-over, is rarely if ever seen (9) . Whether the absence of this common chromosomal phenomenon is merely coincidental or is related in some way to the persisting demarcation of the nuclear area by the parafusorial lamellae has yet to be established.
This example of a persisting membranous barrier between the spindle region and the cytoplasm is not unique. In Barbulonympha (8) the nuclear membrane remains intact during division, but the electron microscopic structure of this protozoan has not yet been described in detail. To date, multiple membranes around the spindle apparatus have been found only in Drosophila. A structure which may possibly be homologous was found in dividing plant ceils by Wada and Fukunaga (29) and called by them the "surface membrane of the spindle." This was revealed by special impregnation with metal salts followed by phase contrast microscopy and was believed to originate from the prophase nuclear envelope. The beautiful phase contrast microcinematographs of Bajer (1) on mitosis of Haemanthus endosperm show a clear zone developing around the nucleus during late prophase and persisting through metaphase and anaphase, clearly demarcating the spindle. To what extent these structures viewed with the light microscope correspond to the multilayered membrane systems in electron micrographs of Drosophila spermatogenic cells has yet to be determined.
The fate of the original nuclear envelope of the spermatocyte during formation of the parafusorial lamellae has not been settled by this study. The micrographs suggest that the nuclear envelope loses its characteristic pores and becomes the innermost layer of the parafusorial lamellae. It is possible, however, that the original nuclear envelope breaks down and is replaced by multiple cisternae of the endoplasmic reticulum which form a concentric system of paired membranes enclosing the nuclear region. At telophase of the meiotic division the reforming nuclear envelope appears to originate from the innermost pair of these membranes, but here again our observations do not provide conclusive evidence. The possibility cannot be excluded that the nuclear membrane may form de novo as suggested by Bernhard (5) , but this does not seem likely. In dividing spermatogenic cells of locust testis, Barer et al. (3) described the origin of the nuclear envelope from coalescence of elements of the endoplasmic reticulum and considered the nuclear membranes and those of the reticulum to be of the same composition. The frequent examples of continuity between the perinuclear cisterna and elements of the reticulum in interkinetic cells support this conclusion (Watson (31) ).
In Drosophila, where ribonucleoprotein granules are not associated with the endoplasmic reticulum, the unit-paired membranes are morphologically indistinguishable from those of the Golgi complex. It is only the distinctive arrangement of these units which permits us to recognize the two organelles in the spermatocytes. Shortly before the meiotic divisions these cytoplasmic structures change their characteristic configurations and lose their identity. It seems evident, however, that the endoplasmic reticulum contributes to the formation of both the parafusorial and astral lamellae while the dictyosomes contribute mainly to the membranes comprising the astral lamellae, since intermediary stages have been observed.
When the membranes associated with the division figure reach their full development, neither typical endoplasmic reticulum nor dictyosomes are found elsewhere in the cytoplasm. Cytological methods which normally stain the dictyosomes in resting spermatocytes stain all of the lamellar systems associated with the spindle of the dividing cell. Thus two organelles, often thought of as having separate origins and functions, merge into a system of membranes with the same fine structure and staining properties.
These observations and the staining reactions of these membranous structures have an important bearing upon the old cytological problem, as to whether or not the Golgi silver techniques reveal only cell structures which are homologous. These methods do not stain the endoplasmic reticulum of the early spermatocytes of Drosophila even though it is often disposed in parallel arrays of cisternae with intercisternal spaces only slightly wider than those separating the paired membranes of the dictyosomes which do stain well. The fact that the Golgi methods do stain the astral and parafusorial lamellae which originate from both endoplasmic reticulum and Golgi elements, but have the spacing of the latter, undermines our confidence in the specificity of these methods. These results suggest that they may have no chemical specificity but may simply depend upon adsorption of metallic silver on membranes, of whatever origin, provided they are in parallel array and are spaced a certain distance apart.
On the other hand, if the Golgi silver methods were dependent only upon the presence of multiple closely approximated membranes one might expect that any series of membranes appropriately spaced would be selectively stained. Preliminary efforts to stain myelin forms of phospholipids, retinal rods, and cones, and other multilayered membranous structures by these methods have so far been unsuccessful. Whether the basis of the selectivity of these methods is the chemical nature of the membranes or their spacial configuration or a combination of both continues to be an unsettled problem. However, it is increasingly obvious that a clear distinction between the membranes of the endoplasmic reticulum and those of the Golgi complex is not always possible by their morphology or their staining reactions. These findings recall the recent comment of Hughes (19) that the traditional concept of completely separate categories of cell organelles must now be modified and may ultimately be abandoned.
Kaufmann et al. (20) in describing membranes in spermatogenic cells of Drosophila melanogaster that apparently corresponds to those described here called them "ergastoplasmic lamellae," believing that they were basophilic in their staining reactions. In Drosophila virilis these lamellae are clearly not basophilic and thus the term ergastoplasmic is not used in the present description. Our results also differ from those of Kaufmann and coworkers with respect to the periodic acid-Schiff reaction of these membranes which was reported by them to be negative but was distinctly positive in our experience.
The findings of a positive PAS reaction in the astral and parafusorial lamellae is of interest in relation to Gersh's (18) interpretation of the positive reaction of the Golgi region as evidence of a carbohydrate component in this organelle. The material studied here has provided an exceptional opportunity to investigate the staining reactions of cytoplasmic membranes. Their staining with Sudan black, and with acid hematin stain indicates that they are rich in phospholipid. This is substantiated by the biochemical studies of Kuff and Dalton (21) on isolated Golgi bodies from rat epididymis which were found to contain approximately equal amounts of phospholipid and protein. The electron micrographs reveal no other formed component of the Golgi which could be responsible for its coloration with the PAS reaction. It is concluded that the positive staining depends upon non-carbohydrate reactive groups in the membranes themselves. It is suggested that contrary to the widespread interpretation that carbohydrates are responsible for diastase-resistant PAS reactions, concentrations of lipoprotein membranes may give this reaction as demonstrated by Sidman (27) in the retina and for ceroid by Lillie (22) .
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